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In this article we describe the methods of observing WZ signal at CMS experiment at Large
Hadron Collider. To reduce the dependence on Monte Carlo simulation we use data-driven
techniques and estimate that 5σ significance of WZ signal can be reached with less than
350 pb−1 at 95 % C.L. for
√
s = 14 TeV. We also overview several models that would yield
anomalous production of the WZ final state, sensitivity to which can be achieved with less
data.
1 Introduction
The study of multiple gauge boson production at the TeV scale constitutes a unique opportunity
to test the Standard Model (SM) of electroweak interactions at the highest possible energies. The
production of WZ events via s-channel allows to probe triple gauge-boson couplings in model-
independent manner at the energies never attained before and improve our understanding of the
gauge theory. Any deviation of the strength of these couplings from their SM expectations will
manifest the new physics. Study of WZ production is also important for new physics searches
such as Techicolor, Higgsless models, fermiophobic higgs production, etc.. We briefly describe
some of the these models below.
2 New Phenomena with WZ Production
2.1 Technicolor
Technicolor (TC) is a strongly interacting gauge theory and one of the models explaining elec-
troweak symmetry breaking1. Its recent version has slowly-running, “walking”, couplings which
result in reducing the technicolor scale down to 250 GeV. Thus, a low scale TC is more accessible
at LHC and the lightest techni-particles ρTC and aTC can have masses below 500 GeV. These
particles decay into electroweak bosons, for example, ρTC/aTC →W
±Z. Another decay channel
of ρTC/aTC is through a production of technipion, ρTC/aTC → W
±πTC → W
±bq which has
higher branching fraction but experimentally difficult to observe due to severe tt¯ background at
LHC. A detailed study to search for techni-hadrons, ρTC and aTC , when WZ decay into purely
leptoninc final state 2 shows that 2-10 fb−1 of integrated luminosity is needed for 5σ discovery
at CMS for different mass values of ρTC/aTC .
2.2 Minimal Higgsless Model
One of the possible explanations of the electroweak symmetry breaking is extra dimension-based
minimal Higgsless model 3. This model predicts the existence of new heavy gauge bosons W ′
and Z ′ which decay into electroweak bosons while decays into fermions are highly suppressed.
E.g., W ′ decays into WZ and shares the same final state as the SM WZ production.
3 Study of the process pp→WZ → ℓ±νℓ+ℓ−
The tools and methods developed in order to identify WZ events once the data will be available
at CMS 4 are described below. We consider fully leptonic decays of W and Z bosons with
3e, 2e1µ, 2µ1e, and 3µ charged lepton final state configuration. These final states have small
branching fraction but they have distinct experimental signatures which allow to separate signal
from copious backgrounds at LHC. The following processes are dominant backgrounds to WZ
production: Z + jets (the largest), Zγ, ZZ, W + jets, and tt¯ + jets. The strategy of the
analysis is to develop a reliable and efficient lepton identification to select WZ events as well as
well-controlled data-driven background estimation methods 5 not to rely much on Monte Carlo
simulation of the detector.
3.1 Lepton Identification and Event Selection
The goal for the lepton identification is to identify electrons and muons from heavy boson decay
and to reject events with misidentified jets and converted photons, which we refer below as fake
leptons.
Electron and muon candidates are identified by matching of the track reconstructed by
the CMS tracking system to the energy deposition in the electromagnetic calorimeter and to
the muon track from the muon chambers, respectively. Electrons are required to be isolated
from activity in the tracker and satisfy constraint on the shape of energy deposition in the
electromagnetic calorimeter. Muons must be isolated both in the tracker and the calorimeter
and are required to be prompt as well to reject the background from semileptonic heavy quark
decays.
WZ events are selected by electron and/or muon triggers and are accepted if they contain
at least three charged leptons, either electrons or muons, within the detector acceptance having
a high transverse momentum. The leptons must satisfy selection described above. A spatial
separation between leptons is also required. Z boson candidate is formed from all possible
same-flavor, opposite-charge lepton pairs, and an event is kept if the mass of the candidate is
between 50 and 120 GeV. The event is rejected if a second independent Z boson candidate is
found. After Z boson candidate leptons are identified a lepton from W boson decay is selected
from the list of remaining leptons that has the highest transverse momentum. To suppress
Z + jets background when jet is misidentified as an electron from W boson decay this electron
in addition must be isolated from activity in the calorimeters.
In order to further reject background from Z + jets processes we require transverse mass of
the W boson candidate to be large
MT (W ) =
√
2 ·MET ·ETℓ(1− cos∆φMET,ℓ) > 50 GeV (1)
Here, MET is the missing transverse energy, ETℓ is the transverse energy of the lepton from
the W boson decay, and ∆φMET,ℓ is the azimuthal separation between the MET and the lepton
from W boson decay.
3.2 Background Estimation and Signal Extraction
Backgrounds toWZ production are separated into three categories: 1) physics background from
Zγ and ZZ production which are estimated from Monte Carlo simulation, 2) processes without
a genuine Z boson from tt¯+ jets and W + jets production which are 6% of the WZ signal and
are also estimated from Monte Carlo, and 3) processes with a genuine Z boson from Z + jets
production which is the major background due to jet being misidentified as a lepton from the W
boson decay. So-called “matrix method”6 is used to estimate the contribution of these processes.
We use data to obtain two sets of samples: the first sample where the electron from the W
boson decay satisfies track matching, energy deposition constraint, and isolation in the tracker,
while the muon from the W boson decay satisfies track matching between the tracker and muon
spectrometer is referred to as a “loose” sample; the second sample where the electron from the
W boson decay must satisfy additional isolation in the calorimeters, while the muon – the full
selection for muon identification, described in Section 3.1, is referred to as a “tight” sample.
Number of events in the former sample, Nloose, consists of events with real isolated leptons Nℓ
and events with fake leptons Nj :
Nloose = Nℓ +Nj . (2)
Number of events in tight sample is given by
Ntight = ǫtightNℓ + pfakeNj , (3)
where ǫtight is an efficiency of “tight” criteria with respect to “loose” requirements for true
isolated leptons and pfake is the same for misidentified jets.
We estimate ǫtight from “tag-and-probe” method
7 using Z → e+e− or Z → µ+µ− events.
We obtain an efficiency ǫetight = 0.98 ± 0.01 for electrons and ǫ
µ
tight = 0.98 ± 0.01 for muons. To
determine pfake we use W + jets data sample which has the same jet composition as Z + jets.
We obtain pfake = 0.32 ± 0.04 and p
µ
fake = 0.08 ± 0.01 for electrons and muons, respectively.
Plugging the values of ǫtight and pfake in Eqs. 2 and 3 we obtain the number of background
events Nj from Z + jet processes. The results of this method is shown in Table 1. The results
agree well with the expected background events from Monte Carlo truth information.
Table 1: Expected number of events for an integrated luminosity of 300 pb−1 for the signal and estimated
background for 81 GeV < MZ < 101 GeV using data-driven methods. Uncertainty is systematic associated with
the background subtraction method only.
3e 2e1µ 2µ1e 3µ
N - ZZ -Zγ - W+jets - tt¯ 11.1 ± 1.3 8.2 ± 0.9 12.1 ± 1.2 10.5±0.8
Ngenuine Z (matrix method) 3.2 ± 1.7 0.6 ± 0.8 4.6 ± 2.0 0.6 ± 0.9
NWZ 7.9 ± 2.1 7.6 ± 1.2 7.5 ± 2.3 10.0 ± 1.2
WZ from MC 7.9 8.1 9.0 10.1
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Figure 1: Z boson candidate invariant mass for all four channels combined, normalized to integrated luminosity
of 300 pb−1 (left), Expected signal significance for WZ production as a function of integrated luminosity. We
use a frequentist approach to estimate variation of expected signal and background events. The corresponding
68% and 95% C.L. regions are displayed as red and green bands, respectively (right).
3.3 Signal Significance
The distribution of the Z boson candidate invariant mass for all four channels combined after
applying the final selection is shown in Fig. 1(left).
We estimate the expected signal significance SL ofWZ production as a function of integrated
luminosity for all four categories combined using a frequentist approach. The final selection
criteria and requirement of the Z boson invariant mass to be within 10 GeV from the nominal
Z boson mass is applied taking into account full systematic and statistical uncertainties. Result
is shown in Fig. 1 (right).
4 Conclusion
We have studied the methods to establish pp → WZ → ℓ±νℓ+ℓ−(ℓ = e, µ) signal in early data
taking at CMS experiment and obtain the sensitivity for observing the production at 95% C.L.
as a function of integrated luminosity. It is shown that with less than 500 pb−1 of integrated
luminosity we can achieve 5σ significance of the signal. We plan to extend this study for
measurement of the WWZ coupling and search for resonant WZ production in the future.
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